of long erbium-doped fiber is essential in L-band amplification as longer length fiber has lower inversion level thus leading to a ground-state absorption in the Cband and suppressing the gain there. In this case, a low but finite level of gain can be achieved therefore the use of longer fiber length is needed to produce substantial gain.
This paper serves to demonstrate an investigation of the performance of an EDFA amplifier to provide usable gain for L-band transmission using limited pump power. An EDFA using 12 meters of EDF was pumped with a 1455 nm laser source with varying pump power. An analysis of the EDFA gain and noise figure measurements was performed and the gain coefficients were obtained. Based on the analysis findings, the optimum gain and pump power was able to be observed.
to prevent the amplified spontaneous emission (ASE) of the EDFA from reaching the TLS, which could cause damage to the TLS. The multiplexed input and Raman pump signals then propagated through the erbium-doped fibre, with the Raman pump inducing excitations of the erbium-doped fibre atoms. This phenomenon produces more photon with the same wavelength as the input light thus amplifying the signal. The amplified signal, along with the pump light then went through an isolator, which would prevent any backward propagating light which could compromise the output. WDM coupler W2 was placed at the output to separate residual pump light from the amplified output signal. 1455 nm laser source. The 90/10 coupler was connected to the pump laser source with the 10% port going to an optical power meter (OPM) in order to get an accurate measurement of the pump source power. The remaining pump light was multiplexed to the input signal from a tunable laser source (TLS). Isolator 11 is placed near the input signal
The experiment configuration is shown in Figure 1 . The setup was comprised of a 90/10 coupler, isolators II and 12, wavelength division multiplexing (WDM) couplers WI and W2 and erbium-doped fibres of 12 metres length. The erbium-doped fibre was characterized with an absorption coefficient of 34 dB/m at 1530 nm, an absorption coefficient of 12 dB/m at 1480 nm, a cut-off wavelength at 1400 nm and a numerical aperture of 0.21. The 90/10 coupler was utilized to provide a monitoring point of the pump laser source power. Isolators 11 and 12 were placed to negate any effect from reflected light. The WDM coupler WI is used to multiplex the Raman pump signal and the input signal while WDM coupler W2 is used to demultiplex the output from EDF, separating the sought output signal from the laser pump light. EDF of 12 metres length is used as amplification medium. :::
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Figure 2. Amplified spontaneous emission (ASE) trace of 12 meters erbium-doped fiber (EDF) with 50 mW pump power.
The experiment started with the characterization of the 12 meters erbium-doped fiber. 50 mW was pumped into the erbium-doped fiber without any input signal and the output trace was measured using optical spectrum analyzer. From the obtained output trace as depicted in Figure 2 , the result shows that amplified spontaneous emission (ASE) of the 12 meters erbiumdoped fiber is from 1565 nm and upwards which makes the length of the erbium-doped fiber suitable for this experiment. The measurement of gain and noise figure for input signals of -20 dBm and -25 dBm was then performed by measuring the amplifier output signal and comparing the trace with the trace from a back-to-back system. The measurements were taken as the pump power was varied from 0 mW up to 80 mW. 
4: CONCLUSIONS
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6.3 dB for the input signal of -20 dBm while the input signal of -25 dBm produced a gain of 19.3 dB and noise figure of 6.1 dB for the same value of pump power.
The gain values for input signals -20 dBm and -25 dBm were then divided over their associated pump power in order to acquire the gain coefficient values for the input signals. The plotted values is shown in Figure 4 (a) and 4(b) and from the figures, it can be seen that the highest gain coefficient value for the two input signals was achieved at the same pump power of 52.9 mW which is the same pump value acquired at the intersection point of gain trace and tangent line in Figure 3 . At that particular pump power, gain coefficients of 0.360 dB/mW and 0.364 dB/mW were attained for -20 dBm input signal and -25 dBm input signal respectively. The figure also shows that for both input signals, the gain coefficient values began to decrease after 52.9 mW pump power.
This experiment was able to demonstrate the performance of EDFA employing 12 meters ofEDF in terms of its gain, noise figure and gain coefficient. The findings shows that the EDFA provides significant amount of gain for L-band transmission even with limited pump power. However, the results shows that Figure 3 shows the graph plotted from the values obtained from gain and noise figure measurements for input signals of -20 dBm and -25 dBm. The two graphs exhibit the same characteristics for both gain and noise figure. In terms of gain, both traces increase as the pump power increases and after a certain point, the gain started to saturate. For the noise figure, the traces decline as the pump power increases. At about the same point of saturation of the gain, the noise figure traces also become imbued. For input signal of -20 dBm, it can be observed from Figure 3 (a) that the existence of gain started when pump power was increased to 24.8 mW, which was sufficient to produce excitation of the atoms in the erbium-doped fiber. At this point, the noise figure also started to decrease. The gain continued to rise and the noise figure became lesser as the pump power heightened. However the gain began to saturate when the pump power reached 52.9 mW. The noise figure was also saturated at the same amount of pump power. The same trend can be seen in Figure 3 (b) for input signal of -25 dBm. At 24.8 mW, the gain rose while the noise figure decreased. The saturation point for gain and noise figure traces was also obtained at pump power value of 52.9 mW. A tangent line was drawn on the graphs and the intersection with the gain traces pinpointed the optimum pump power and gain which was 52.9 mW pump power with a gain of 19.1 dB and noise figure of the highest gain can only be obtained at a certain appropriate amount of pump power as the saturation of the gain started to occur after that point. This is important as after the optimum pump power and optimum gain point, the gain coefficient began to decline which indicates that any pump value more than the optimum pump power would only result in unnecessary power consumption. The noise figure also declined and became saturated to an acceptable value after the optimum point. Variation of the EDF length would produce different outcome and the application of another pumping scheme could fully utilize the EDFA abilities.
